Development of species-specific PCR techniques for the detection of tortoise herpesvirus
Masaru Murakami, Chikako Matsuba, Yumi Une, Yasuo Nomura, Hideo Fujitani Abstract. Previously, a nested polymerase chain reaction (PCR) was employed with consensus degenerate primers targeting highly conserved motifs within herpesviral DNA polymerase genes to detect a newly described tortoise herpesvirus. However, nucleotide sequence information obtained from the final amplified fragment was restricted to a small region of 181 bp. In the present study, additional sequences flanking this segment were determined from a PCR product successfully amplified using a set of known degenerate primers, which covered a 692-bp region within the tortoise herpesviral DNA polymerase gene. Polymerase chain reaction primers for specific amplification of the tortoise herpesviral DNA were designed on the basis of these nucleotide sequences and successfully amplified tortoise herpesviral DNA from the tissues of tortoises that were well characterized histopathologically with herpesviral infection. The lower limit of detection was 1,000 herpesviral DNA equivalents in the presence of normal tortoise genomic DNA. Furthermore, a more sensitive and specific PCR technique for the identification of herpesviral infections in tortoises was developed employing a heminested form, which will enable the detection of latent infections or herpesvirus carriers in tortoises.
Herpesviral infections have been reported in several
varieties of tortoises such as Testudo horsfieldii, 5, 12 hermanni, 1,5 graeca, 1, 6, 7 Gopherus agassizii, 2, 8 and Geochelone chilensis, 3 where the diagnoses have been mainly based on the detection of intranuclear inclusion bodies by light microscopy and viral particles by electron microscopy. Recently, a nested polymerase chain reaction (PCR) method, 14 which is both a more rapid and more convenient technique, has been utilized as a diagnostic tool for the detection of the herpesviral infection in turtles 9 and tortoises (Malacochersus tornieri and T. horsfieldii). 13 The nested PCR method developed previously 14 employs degenerate consensus primers directed at a region of the gene encoding herpesviral DNA polymerase and is adequate for the detection of diverse species of herpesviruses but is not specific to the tortoise herpesvirus (ToHV). An 181bp region obtained from the ToHV using nested PCR was further analyzed by nucleotide sequencing and indicated that this tortoise virus is a new type of her- pesvirus. 12 However, such a small region of sequence data was not always sufficient for characterization of the virus. Hence, the aim of this study was to develop a new PCR diagnostic technique specific to the ToHV. In order to obtain further sequence information on the tortoise herpesvirus, amplification of the flanking regions of this region was attempted by using DNA from a tortoise (M. tornieri) severely infected with the herpesvirus and the degenerate primers 14 (the upstream primer DFA and the downstream primer KG1) that were originally used in the first round of PCR of the nested PCR mentioned above. Fortunately, under the same amplification conditions as those previously described, 14 a PCR product of predicted size (704 bp) was visible by agarose gel electrophoresis. The fragment was excised from the gel and cloned into the T vector. a Six recombinant clones with the targeted size of inserts were sequenced and a consensus sequence ( Fig. 1) was derived, as determined by the majority rule. This sequence (692 bp), aside from primer annealing regions, is available from the GenBank/ EMBL/DDBJ databases with accession number AB047545. A homology search against the DNA databases using the FASTA program revealed that this tortoise virus was most closely related to green turtle herpesvirus and human herpesvirus 1, 4 with about 63% similarities. In addition, a phylogenetic analysis using a neighbor-joining method 11 on the corresponding amino acid sequences from the DNA polymerase gene segments of other known herpesviruses showed that the tortoise virus was much more closely related to the subfamily Alphaherpesvirinae 10 than to the Beta-or Gamma-Herpesvirinae (data not shown).
In order to develop a PCR method to specifically detect ToHV, new PCR primers were designed on the basis of nucleotide sequence data determined in this study. The primers specific to the tortoise herpesviral polymerase gene were U-73 (5Ј-AGG CGG GAA AGG ATT ATG TC-3Ј) and L-588 (5Ј-AGT TTG ATA GGG GAT TTG AA-3Ј) (Fig. 1) , anticipated in yielding a 535-bp segment. Amplification reactions were carried out in a total volume of 50 l containing 1 ϫ PCR buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 ), 200 M each of dNTPs, 2.5 units of Taq DNA polymerase, b 0.2 M each of the specific primers, and approximately 150 ng of DNA extracted from tissues of tortoises infected with herpesvirus. The amplification profile was as follows: an initial denaturation at 94 C for 3 min, followed by 35 cycles of denaturation at 94 C for 30 sec, annealing at 54 C for 1 min, and extension at 72 C for 1 min, accompanied by a final extension period at 72 C for 10 min. The expected 535-bp segment was clearly observed on a 2.0% agarose gel (Fig. 2) . Subsequently, the sensitivity of this specific primer-PCR was determined by assaying known amounts of the DNA polymerase fragments from the plasmid clone in the presence of normal tortoise genomic DNA, where from 10 5 to 10 0 (one) molecules of template were placed in approximately 170 ng of the normal tortoise DNA and PCR was performed as described above. This technique was able to detect 1,000 copies of the template (Fig. 3a) , and the sensitivity was consistent in detecting DNA from tortoises that were well characterized histopathologically as having a herpesviral infection. Although this sensitivity appeared to be sufficient for detecting herpesviral infection in manifesting tortoises, a heminested PCR method was devised to further improve the sensitivity of the molecular assay. First-round PCR products (0.5 l) employing the primers U-73 and L-588 were reamplified using heminested PCR amplification with the primers U-289 (5Ј-GAT TTA CTG GCG TGG CTA TG-3Ј) ( Fig. 1) and L-588. This PCR was performed as described above, but with 20 cycles, where a predicted single band of 319 bp in length was obtained. This heminested PCR approach allowed for the detection of as few as several copies of the ToHV (Fig. 3b ) and thus may be useful for identifying carriers. This region was not amplified in controls from healthy tortoises. Moreover, when this technique was applied to feline and canine herpesviruses, no PCR products were observed (data not shown). Furthermore, it was possible to amplify the 319-bp fragment directly from DNA samples with tortoise herpesviral infections using 35 PCR thermal cycles, with a sensitivity of 1,000 copies. If clinical specimens failed to yield amplification products with the size of 535 bp due to the large size, amplification of the 319-bp segment could be attempted in order to improve success rates.
The ToHV-specific PCR techniques described here may be useful not only for the diagnosis of herpesviral infections in tortoises but also for the detection of possible latent infections and carriers.
Differential detection of transmissible gastroenteritis virus and porcine epidemic diarrhea virus by duplex RT-PCR
So Y. Kim, Dae S. Song, Bong K. Park
Abstract. Transmissible gastroenteritis (TGE) and porcine epidemic diarrhea (PED) are highly contagious enteric diseases of piglets. The clinical signs of these diseases are very similar and include watery, yellowish diarrhea. Thus, the effective differential detection of TGE virus and PED virus is required. In the present study, a duplex reverse transcription-polymerase chain reaction (RT-PCR) was established for the differential detection of TGE and PED viruses. The primers were designed for the S gene of each virus. RNA was extracted from the intestines and stool samples that were collected from the swine with diarrhea. The RT-PCR test could detect both TGE and PED viruses with 2 TCID 50 /200 l. Among 90 clinical samples, 7 TGE viruses and 2 PED viruses were detected by the duplex RT-PCR. This duplex RT-PCR may be a useful diagnostic method for the rapid, specific, and sensitive differential detection of TGE and PED viruses using clinical samples.
Transmissible gastroenteritis virus (TGEV) and porcine epidemic diarrhea virus (PEDV) belong to the Coronaviridae family and have a large, single-stranded, positive-sense RNA genome. These viruses are important causes of enteric disease in swine and replicate in the differentiated enterocytes covering the villi of the small intestine and lead to villous atrophy and malabsorption. 3, 16 Clinical signs of TGE (transmissible gastroenteritis) and PED (porcine epidemic diarrhea) are most severe during the first 2 weeks of life and include severe diarrhea, dehydration, high mortality, From the Department of Veterinary Medicine Virology Lab, College of Veterinary Medicine and School of Agricultural Biotechnology, Seoul National University, Suwon 441-744, Korea.
Received for publication December 21, 2000. and morbidity. Although swine of all ages are susceptible to these viral infections, the mortality in swine over 5 weeks of age is low. Transmissible gastroenteritis has been reported in most countries worldwide, and PED has been isolated in most swine-raising countries in Europe and in China, Korea, and Japan. Economic losses from these diseases are serious every winter in these countries. 18, 20 At present, many techniques are used for the detection of TGEV and PEDV. For TGEV, fluorescent antibody tests (FAT), 19,22 antigen ELISA 2 the immunoperoxidase technique using monoclonal antibodies, 23 negative staining electron microscopy (EM), and virus isolation have been used. Also, nucleic acid hybridization 22 and reverse transcription-polymerase chain reaction (RT-PCR) 17 have been developed to detect the
